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Abstract: 
Several methods for obtaining soil samples for determining soil water content were used
for field calibration of neutron gauges. This paper compares the results of calibration
curves obtained from the study data by comparing intercepts, slopes and correlation
coefficients ("r" values). The study found differences in characteristics between gauges
of the same brand, differences between brands and a great effect by access tube
materials on the calibration curve.
Introduction: 
The purpose of the ASCE Neutron Gauge Workshop held in Logan, Utah in July 1992
to compare various methods of field calibration of neutron gauges is described by Stone
(1993, this volume). The different methods used to obtain undisturbed soil samples for
determining volumetric soil water content are described by Dickey (1993, this volume)
This paper compared the results of the various methods on the site specific calibration
curve by comparing the intercepts, slopes and "r" values generated by statistically fitting
a best fit line to the data points using the "least squares" method of regression analysis.
A range of soil water contents is required to define an acceptable calibration curve. To
insure that adequate data would be collected over a range of soil water contents, a wet
and dry site was selected at each location. The wet and dry sites were about 30 meters
apart and included an irrigated and non-irrigated area. At site No. 2, the wet and dry
sites had high soil water contents which made developing a valid calibration curve
difficult. Therefore, only sites No. 1 and 3 will be used in comparing calibration
methods and gauge characteristics in this paper. In the coding of data,(1-SCS-A, G #1),
the first number designates the site (1, 2, or 3), the second designates the method used
to obtain soil samples (SCS), next is the access tube material (A = aluminum, S = steel
and P PVC), and G designates the neutron gauge number.
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ituvarison of Gauzes:
Four types of gauges were used in the workshop:
1. Troxler Laboratories Inc. Model 4302, 10 mCi Americium-241-Beryllium source.
The radiation source was located at the midpoint of the detector tube.
2. CPN Corp. Model 503 DR, 50 mCi Americium-241-Beryllium source. The
radiation source was located below the detector tube.
a. Probe diameter 1.8 inches
b. Probe diameter 1.5 inches
3. Troxler Laboratories Inc. Sentry 200-AP capacitance gauge (experimental).
4. Troxler Corp, Model 1351, 8 mCi cesium 137 source gamma-density gauge
The effect of gauge geometry on gauge sensitivity and calibration is discussed by Stone
(1993, this volume)
During the calibration process, the gauges were referred to by number as follows
Gauge #1 = CPN 503, 4.6 cm (1.8 inch) probe diameter (Ser #
H34045328)(SCS)
Gauge #2 = CPN 503, 3.8 cm (1.5 inch) probe diameter (Ser #
H30043212)(USU)
Gauge #3 = CPN 503, 3.8 cm (1.5 inch) probe diameter (Ser
H37057589)(SCS)
Gauge #4 = Troxler Model 3332, 4.6 cm (1.8 inch) probe diameter
(Ser # 216)(SCS)
Gauge #5 = Troxler Model 3222, 4.6 cm (1.8 inch) probe diameter
(Ser # 247)(ARS)
Gauge #6 = Troxler Model 4302, 4.6 cm (1.8 inch) probe diameter
(Ser 138)(Troxler Inc.)
Gauge #7 Troxler Electronic Laboratories, Inc , Model 1351 Gamma-Density
Probe, 3.8 cm (1.5 inch)probe diameter (ARS)
Gauge #8 = Troxler, Sentry 200, 4.6 cm (1.8 inch) probe diameter, Troxler
Electronic Laboratories, Inc
Gauge #9 = Troxler, 3.8 cm (1 5 inch) probe diameter (Ser 258)(0SU)
Gauge #5 was used as back-up in case of a gauge failure; gauge ii7 was used to check
soil density (Wright, 1993, this volume); gauge #8 was experimental, and gauge #9 was
used in special studies.
Overall Comparison of Methods: 
Some of the sampling errors can be eliminated by plotting the data points for analysis
and eliminating the outlying points before the calibration curve is constructed. In other
words, all data points (volumetric soil water content vs gauge count ratio) are not used
to construct the calibration curve. Allen (1993a) developed a method of correcting
compacted samples so that they enhance the calibration curve construction. Others
prefer to plot all data points and eliminate the obvious outlying points without worrying
why they came to be outlyers Usually, the 15 cm (6 inch) depth data point is found to
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be an outlyer because of the loss of neutrons from the sphere of influence to the soil-ak
interface. Data points were analyzed using all data points, with the 15 cm depth data
points omitted and with selected outlying points omitted. Table 1 lists the gauge, site,
number of observation, intercept, slope and "r" values for most of the gauges used in the
study for the three sites. Note that comparisons are made on the basis of volumetric soil
water content calculations based on the "mean probable" bulk density (Allen, 1993).
Only sites 1 and 3 are used for comparison and only the data with outlying data points
omitted are shown.
All methods of soil sampling for gauge calibration were acceptable. "r" values were
usually different only at the second or third decimal place. "r" values greater than 0.8
are usually required for an acceptable calibration curve. The "r" values alone do not
define a good calibration curve, it define how well data points fit a line. Intercept and
slope are used to further define the line. When the count ratio is plotted as the Y -axis,
the intercept must be either zero or positive otherwise a gauge malfunction is indicated.
If soil water content is plotted as the Y-axis, then the intercept will be zero or negative.
Most gauge users prefer to work with positive numbers and positive water contents.
Therefore, calibration curves in this discussion will use count ratio as the Y-axis values
and the regression of Y on X as a basis of comparing best fit lines. Allen (1993, this
volume) used volumetric water content for Y-axis values in his error analysis of bulk
densities.
Bulk Density Calculated Soil Water Content vs. Direct Volumetric Measurement; 
Soil bulk density can be used to calculate the volumetric soil water content or the
volumetric soil water content can be calculated directly from a fixed volume sample
(Wright, 1993, this volume). Results of calibration curves developed by the two
methods were compared to determine the effect on the calibration curve characteristics.
Direct volumetric determination usually resulted in a slightly higher correlation
coefficient ("r" value) and required fewer calculations. Differences were usually in the
second or third decimal place depending on whether all data points were used, 15 cm (6
inch) points were omitted, or selected outlying points were eliminated before the line
was fitted. Intercept values were slightly different for the two methods and slopes were
affected only slightly. This would indicate that either method of developing the
calibration curve would produce about the same results.
Differences Among Gauge Calibration Curves: 
All figures were constructed using the intercept and slope data from Table 1 and
therefore do not display data point information. Figure 1 shows the difference between
two CPN gauges for sites 1 and 3. Note that for this situation, there is more variation
between gauges than there is between sites. The intercept is essentially the same for
each site but the slopes of the curves are visibly different. When soil mineralogy is
changes from site to site, the intercepts may also change (Dickey, 1990). Figure 2
shows the difference between two Troxler gauges for sites I and 3 Note that the
intercepts are the same and only one slope is slightly different. Troxler gauges are
calibrated at the factory using a patented process where corrections are "burned" into
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electronics to produce a constant gauge reading for a given water equivalent This
;procedure produces gauges with very similar characteristics. Figure 3 shows the
'difference between a CPN gauge (G#1) and a Troxler gauge (G#6) at two different sites
t (sites #1 & 3). Note that each gauge has its particular characteristics and the difference
between gauge brands is greater than the difference between sites. Field calibration
allows both site specific soil characteristics and gauge differences to be addressed and
should not require a great amount of staff time (Dickey, 1993, this volume). Gauge
operators should be familiar with differences between gauges. If gauges are to be
exchanged in case of a gauge breakdown, then they should first be cross-calibrated.
Differences in probe diameters: 
Differences in probe diameter require slightly different electronics or source geometry
and add another factor to an individual gauges characteristics. Sufficient data was not
gathered in the workshop to determine the effects of probe diameter on calibration.
Pifference in gauze geometry: 
The effect of gauge geometry on gauge calibration and sensitivity is covered in another
paper at this session (Stone, 1993b, this volume)
Xffects of Access Tube Materials: 
Figure 4 shows the effect between aluminum and PVC for sites #1 and #3 for gauge fl I
and steel tubing for gauge #3 at site #1 Note that the intercepts stay about the same
but the slopes change for each tubing material. Calibration curves should be developed
with the same kind of access tubing to be used for monitoring soil water content in the
field. Access tube materials have an obvious effect on the slope of the calibration curve
Conclusions: 
The ASCE workshop was primarily designed to evaluate and compare methods of soil
sampling, field and laboratory procedures best suited for field calibration of neutron
gauges. Gathering the required data also allowed the assessment of the effects of sonic
other parameters on gauge calibration
- All calibration methods used were acceptable. Correlation coefficients developed
from calibration curve data points of count ratio vs volumetric water content were
different only in the second or third decimal place
- Direct measurement of soil water content with fixed volume samplers appears to have
a slight benefit over calculating the soil water content from mean probable bulk
densities. Correlation coefficients were affected in the second and third decimal place
with very little effect on the intercept or slope. Ease of calculation appears to be the
primary benefit from using fixed volume samplers.
- Each brand of neutron gauge has its particular characteristics depending on its
geometry, electronics, source size and other factors. The differences between gauges of
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the same brand were apparent as was the difference between brands. The difference in
calibration curves between gauges was greater than the difference between sites.
- Access tube materials had an obvious effect on the calibration curve, primarily
affecting the slope or sensitivity. The same access tube material should be used in
developing site specific calibration curves that will be used in the field to monitor soil
water content.
- All methods compared were acceptable but pointed out the need for having a staff
properly trained in calibration and use of neutron gauges. Prescribed procedures should
be followed at all times to insure high quality data.
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TABLE 1 - SUMMARY OF GAUGE CALIBRATION DATA
Soil Water Content Calculations Based on Mean Probable Bulk Density
Gauge # Site No. Obs. (n) Intercept Slope Cor. Coeff.
(r)
1 1-USU-A 13 0.295 0.400 0.9913
1 2-USU-A 15 1.387 0.127 0.8997
1 3-USU-A 15 0.205 0.421 0.9535
1 1-SCS-A 14 0.302 0.385 0.9848
1 2-SCS-A 16 1.403 0.123 0.7561
1 3-SCS-A 15 0.250 0.397 0.9947
1 1-ARS-A 14 0.308 0.397 0.9957
1 2-ARS-A 16 1.400 0.138 0.8149
1 3-ARS-A 7 0.212 0.480 0.9959
1 1-USU-P 13 0.298 0.271 0.9844
1 2-USU-P 16 0.925 0.106 0.8358
1 3-USU-P 18 0.240 0.279 0.9613
1 1-SCS-P 14 0.293 0.258 0.9806
1 2-SCS-P 17 1.137 0.056 0.4078
1 3-SCS-P 17 0.259 0.280 0.9652
2 1-USU-A 14 0.259 0.320 0.9892
2 2-USU-A 15 1.171 0.094 0.8684
2 3-USU-A 15 0.176 0.340 0.9917
2 1-SCS-A 11 0.274 0.306 0.9887
2 2-SCS-A 15 1.103 0.111 0.7827
2 3-SCS-A 18 0.234 0.323 0.9535
2 1-ARS-A 13 0.236 0.337 0.9967
2 2-ARS-A 16 1.032 0.133 0.7393
2 3-ARS-A 7 0.158 0.401 0.9956
2 1-OSU-S 5 0.195 0.283 0.9992
2 2-OSU-S 5 0.752 0.164 0.9967
2 3-OSU-S 6 0.157 0.327 0.9857
3 1-USU-A 13 0.283 0.371 0.9889
3 2-USU-A 16 1.275 0.119 0.8513
3 3-USU-A 15 0.176 0.404 0.8977
3 1-SCS-A 15 0.311 0.329 0.9804
3 2-SCS-A 17 1.268 0.122 0.7597
3 3-SCS-A 17 0.257 0.380 0.9417
3 1-ARS-A 14 0.289 0.360 0.9941
3 2-ARS-A 17 1.307 0.124 0.7425
3 3-ARS-A 7 0.179 0.460 0.9941
3 1-OSU-S 6 0.221 0.324 0.9938
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3 2- OSU-S 5 1.054 0.137 0.9794
4 1-USU-A 14 0.075 0.195 0.9866
4 2-USU-A 14 0.519 0.085 0.7642
4 3-USU-A 17 0.068 0.161 0.9841
4 1-SCS-A 15 0.067 0.194 0.9901
4 2-SCS-A 17 0.598 0.066 0.6267
4 3-SCS-A 17 0.079 0.179 0.9830
4 1-ARS-A 13 0.072 0.205 0.9935
4 2-ARS-A 16 0.393 0.125 0.7738
4 3-ARS-A 7 0.048 0.213 0.9924
6 1-USU-A 14 0.085 0.193 0.9936
6 2-USU-A 15 0.473 0.108 0.8106
6 3-USU-A 18 0.069 0.171 0.9815
6 1-SCS-A 15 0.076 0.189 0.9845
6 2-SCS-A 17 0.493 0.102 0.7531
6 3-SCS-A 17 0.072 0.195 0.9805
6 1-ARS-A 14 0.092 0.194 0.9959
6 2-ARS-A 17 0.475 0.118 0.8661
6 3-ARS-A 7 0.047 0.224 0.9926
6 1-USU-P 13 0.990 0.117 0.9832
6 2-USU-P 16 0.374 0.058 0.7970
6 3-USU-P 17 0.072 0.129 0.9855
6 1-SCS-P 16 0.093 0.113 0.9789
6 2-SCS-P 17 0.535 0.019 0.2858
6 3-SCS-P 17 0.081 0.125 0.9652
9 1-0 SU-S 6 0.051 0.123 0.9905
9 2- 0 SU-S 5 0.137 0.109 0.9792
9 3- 0 SU-S 6 0.044 0.124 0.9782
OSU = Oklahoma State University (Giddings); USU = Utah State University (small
diameter sampler); ARS = Agricultural Research Service (Giddings), SCS = Soil
Conservation Service (Madera Sampler)
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Figure 1 - Differences in Gauge Characteristics of two
CPN gauges (G #1 & 2) for 2 soil sites (#1 & 3).
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Figure 2 - Differences in Gauge Characteristics for two
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Figure 3 - Differences in Gauge Characteristics
between gauge brands (CPN; G #1; Troxler, G #6) for
two soil sites (# 1 & 3).
Figure 4 - Effect of Access type materials (alum., PVC &
Steel) on Calibration Curve for two different gauges (G #1
& 3) for two different soil sites (# 1 & 3).
